T @ | LM TRANSI STOR The present invention relates to a thin film field
e transi stor, and nore specifically to a thin film field effect

transi stqr of the type formed from an anorphous alloy-including at |east 5
silicdn and fluorine. In this resped ~reference is nmade to U S. Patent. _

No. 4,217,374 Stanford R Ovshipsk : J4o 1 zu entitled: AMORPHOUS 4if ~_
SEM CONDUCTORS EQUI VALENT TO . RBIDUCTORS and U. S. Pat ent

No. 4,226,898 Stan- 107he bee@eRt Pna Ads) S are

title. British Patent Appl?gation_hb. §§§§¥$§“ﬁ§ﬁﬁ#€{%%ﬂﬁp$%ﬁ$tﬁ?gm'
application and diselaseffeed eran®isxdr) farld InBrd dpbeiffedliyapsi gtor.

15 Silicon is the basis of the huge crystalline sem conductor _
industry and is tbrinef¢lmg! fdklaheiffedit ltrznbidterot afie atypeal | the
comercial inte- grated circuits now produced. Wen crystalline

sem conduct or t ecioohedy fremchadamorpitotisciallcdi dmclutling decreast he
foundati on of the present huge sem - conductor device manufacturing

i ndustry. Thgs wesillieoh. an@h€luabihiet.y Th tthd s diexpdct, (e fdpenceb-
stantially defect-free germanium and particularly silicon crystals, and : i
then turn themini®s madei hoi U.85 Batenitalo.wi4,[2YT 137 Stehfotd PR. :
conductivity re- gions therein. This was acconplished by diffusing into

such crystalline GuskinakypandsMpeatsughi dzuwfentitled: AMORPHOUS P

SEMICONDUCTORS EQUIVALENT TO CRYSTALLINE SEMI-
CONDUCTORS and U.S. Patent No. 4,226,898 Stan-
10 ford R.'Ovshinsky and Arun Madan, of the same
title.
British Patent Application No. 8326775 is divided
from this application and discloses and claims a thin

£film field effect transistor.

15 _ Silicon is the basis of the huge crystalline
semiconductor industry and is the material which is
utilized in substantially-ail the commercial inte~ -
grated circuits now produced. When crystalline
Semicdnductor technology reached a commercial state,

20 it became the foundation of the present huge semi- |
conductor device'manufacturing industry. This was
due to the ability of the scientist to grow sub-
stantiélly-defect-free germanium and particularly
silicon crystals, and then turn them into extrinsic

_-25 materials with p-type and n-type'conduétivit§ re-
gions therein. This was accomplished by diffusing

into such crystalline material parts per million of
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/’ 1 ! ' . Y
d6nogﬂ(n) or acceptor.(p) dopant materials intro- duced as substitutional gjﬁé-
~inmpurities into the sub- stantially pure crystalline materials, to increas

thei&,electrical,ponductivity and to control their 5 being either of a p

:or niconduction type. The semiconductor fabgication processes for ‘making
p-n anCtion cyrstals involve extrenely c | ex, tinme consum ng and
-expensTI've procedures as well as hi gh processing tenperatures. Thus, these

110 crystalline materials used in transistors and other current contr ol

:devices are producedonede’(nCior G¥cRiptdry. (AN @opantd neriedifia 199 ik e owi ng

indi- vidual single 5|I|con or gernanlun1crystals where p-n junctions are
trequi red by dopi ng dueledsiasylsubktitutioniall Smpuritdes dmtoy thealduband
icritical anmpunts of dopants. -These crystal grow ng processes pro- duce

‘relatively small. crstamtiadilgr pureocrystalliine mategialel do drcrease
:formed. In wafer scale integration technology the 20  small. ar ea crystal

‘wafer limts the ovdhelir slestaricale conduptdmidyciansuito wendiradarthed ot or ned-
ithereon. In appllcatlons re wm\r&large scal e areas, such as in the
- di spl ay technol gy, beia & P Snfbrcanduetigm&YRed with as |arge

iaréas as.re- The semlconductor fabrication processes for
% maklng p-n Junct1on cyrstals involve extremely
complex, time consuming and expensive procedures as
well as high processing temperatures. Thus, these
10 crystalline materials used in transistors and other
current control devices are produced under very
__carefully controlled conditions by growing indi-
Vidual;single?silicon'or-germanium crystals,_where_
PR junctions.are-required”by doping'such single
15 crystals with'extremely small;and'critical amounts
of dopants. Theae crystal growing processes pro-
duce relatively snailrcrystal wafers upon which the N
integrated circuits are formed.
| In wafer scale integration technology the
20 __small area crYStal wafer limits the-overall size of
the integrated c1rcu1t which can be formed thereon. )
In appllcatlons requ1r1ng large scale areas, such
as. 1n the dlsplay technology, the crystal wafers

cannot be manufactured with as large areas as re-

e e



q d or desired. The devices are forned, at least.in part, by diffusing p
ol type dopants into the substrate. Further, each device i's forned
bgtween isol ation channels which are.diffused into 5 the substrate.
Packi ng density (the nunber” of devices g%r unit area of wafer surface) is

al so i limted on the silicCOn wafers, because of the | eak- ,age
current in each device and the power necessary to operate the devices,¥each

of which generate heat, 10 which is desgjrable. _The silicon wafers do
ot a6 osfaTea,bg aetkeed. ;| FHe HerdEeE A EORRRT S B af T ot o

he b LI Jife-,tj ' 1 abl l.icatjons.. In MOS t |
circurtry the swibsRtng spaEss by Hieahditg b e%&%&s{p%a#é%;@%?e ength
ith th Il - I t ' th ' , . i '
\glr E)cefssgs,s-nghot oﬁ?‘%ﬁo%?l%pﬁy%%\%%%ﬂeﬁere ﬂcyrtygfeglt'l' %%%q{rjrgnetﬁ%%t (}Irgl n%&%esses

linit how short bQ%w@éheils@iﬁtﬂo?ﬁ%h*&?iM@whﬁ?:h are difFdded iddy packing

density is extrenely inportant because the cell size is exponentially
related to tge cepe gubstzatdsVi Packitg densAnSe, (thel Hfintse df die size by

a factor of two results in a decrease in cost on the order of a factor of
devices per unit area of wafer surface) is also
limited on the silicbn wafers, because of the leak-
age current in each device and the power necessary
to operate the devices, each of'which.geqerate heat

_ 10._ which is undesirab1e. The silicon w&fers_do not
readily dissipate heat. Also, the leakage current
adversely affects the battery or pdwer cell life-
time in portable applicafiohs,  | |

In MOS type circuitry the switching speed is

15 related directly to the gate length with the small-
'est length having the highest speed. The diffusion
processes, photolithogrophy and other crystalline
manufacturing processes limit how short the gate
length can be made.

20 Further, the packing density is extremely
'important becapse-the éell size is exponentially
related to the cost of each device. For instance,
a-dec;eaSé.in dieisiie'bY é facto:_bf two results
in a décrease ih c§ét on the order 6f_a factor of

- 25 - six. : : J—
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25 _siX. --- In summary, crystal silicon
“transi'stor and integrated circuit paraneters which are not vari- able as
desired, require | arge anounts of material, high processing tenperatures,
are only producible 5 . only on reIative%y smal | area wafers and are expen-
sive qu time consum ng to produce. Devides based upon anorphous silicon
can elTm nate these crystal silicon.di sadvantages. Anorphous silicon can be
"made faster, easier, at |ower tenperatures and in 10 | arger areas than
“can crystal silicon: Accoflidifiimaryy, Gy tkY &l o drdansistmeramhde to
.devel op processes for readily depositing anorphous sem conductor alloys .or
films each of which irfreqyraredasird atpardnetersovhidalnare fnats varfesi red,
limted only by the size of the deposition equipment, and which coul d be
‘doped to form p-typeabie as,t@gﬂnaﬁerﬂﬁqlsinm%fmﬁ paReYnEE 9Hmaterial,
,sistors and devices superior in cost and/or opera- tion to those nroduced
by their crystallindighuiprogessing p‘éﬂ‘ﬂgﬁra@!ﬁeﬁmrﬁﬁﬁl(ﬁ?@'sﬁms%ﬁkl%s
:substan- tially unproductive. Anorphous siljcon or rma-_nium (Goup |
films are normalSy fRRAY f%'d%"@t’df%ﬁﬁaﬁ%ularﬁf%r %"Lﬁma.tf‘% IR SXP nt V)

. m'%r_ovoi ds ahd danglsiin&é'ngxr]éj St:’?u?g cogrt]set.{mz‘.jx?gf % Spf@&tf@ep " PG Feds based
' % | hpon amorphous silicon can eliminate_these_crystal
silicon disadvantages. Amorphous silicdn can be
- made faster, easier; at'lpwer temperatures and in
10 largerfaréas than can c¢rystal silicon.
Accordingly, a considerable effo;t has'been
made to develop processes for readily depositing
_amorﬁhous'Séﬁiccnducto? alloys dr films each of
"~ which can éncompassargiativeiy-large areas, if
15 desired} limited only by the size of the deposition
equipment, and which could be doped tq form p-type
and n-type materials to-fo:m-b-n junction tran-
sistors and devices superior in cost and/or opera-
tion to those produced by their crystalline coun-

v ' 20 terpafts. For many years such work was substan-

' tially-unprbductive. Amorphous silicon or germa-
nium (quup.IV).filﬁs-are normally-four-fold co~
brdinated-aﬁd;weré fOund to have micrcﬁoids and

.'dangliné bonds and Otherfdefects which produce a

@



density of l|ocalized states in the energy gap thereof. The presence

d high density of local- ized states in the energy gap of anorphous:
3 con sem conductor films resulted in such films not 5 being o
successful ly doped or otherw se nodifi to shift the Ferm level close to
the conduction or val ence bands neking™them unsuitable for making p-n. 4 :
junctions for transistors and other current control device application§f 10
In an attenpt to minimze the aforenentioned problens involved wth :
anor phous sili comiginddemsityeaof ubocl fzedpstataeadiR. the énefgybgapof
Carnegi e Laboratory of Physics, "University of Dundee, in Dundee, Scotland
did sone work onthexeef;t Therpresenceopfng bighndepaity oFfl local- as
reported in a paper_published in Solid State Communications, Vol. 17,
1193-1196, 1975,1%3eR5tR%e% RJthe energyngarhef| amarpheusssiligonn t he
energy gap in.anprphous_silico r germapi um {o make the sane approxi mate
20 . nore cIoselys?$1#?9gﬁ%t9¥y£%£F$iﬁ%s§1F?€ohno?u§BrflﬁﬁﬁiHﬁFand of
substitutionally doping the a hoys terials with suitable_classic
dopants, as ?n d%?&#é)%hﬁ%?%f??%gyné?@$$é?§,°¥§eﬁ§k§etﬂ8§Fg}?¢ihg'sic and
of p or n conducly Pgy tYRESFermi level close to the conduction or _ b
valence bands making them unsuitable for making p-n .
junctions'for transistors énd other current control
device applications. |
10 In an attempt to minimize the aforementionéd
problems involved with amorphous silicon and ger-
manium, W.E. Spear and P. G. Le Comber of Carnegie
Laboratory Qf Physics, University of Dundee, in
Dundee, Scotland did some work on "Substitutional
15 Doping of Amorphous Silicon", as reported in a
paper published in Solid State Communications, Vol.
17, pp. 1193-1196, 1975, toward the end of reducing
the localized states in the energy gap in amorphous
silicon or germanium to make the same approximate
20 more closely intrinsic crystalliné silicon or ger- ¢

manium and of substitutionally doping the amorphous.

materials with suitable classic dopants, as in

'doping q:ystéiline materials, to make them extrin-

sic and of p or n conduction types.



depositi.on of anor- phous silicon filnms wherein a gas silane (Si H4) was
passed through a reaction tube where the gas was 5 deconposed by an r.f.
~gl ow. di scharge and depogsited on a substrate at a substrate tenperature of
-aboyt~:500- 6000K (227-[err]). The material o deposited on the substrate was
an i‘'ntYd nsic anor phous mate-. rial consisting of silicon and hydrogen. To
pro- 10 duce anorphous materi.al- a gas of phosphine (PH3) for n-type
conduction or a gas of dfkereeduck2es) ofoths dpsaliged @talesweras preni xed
‘Wth the-silane gas and passed through t he gl ow di scharge reaction tube
‘under the same oper2R¢HBPLLRRLE| B sI1pWe disCharge. SePAsItdan (% iPHT t he
.dopants used was be-, tween,about 5,x 10-6 and 10-2 parts per vol une. The
‘mat eri al .so_-deposi-t%‘bo'ilﬂc?bﬁéﬁ°§ugfjig’§dP’ge&ﬂ}-"‘ & 9% i N&Hh A%

b d t and _Sh he trinsi f duction 20 .
Cyper Ve it was BRTSRIOTNEBYSPh B B PELIATRARE WHEE G, SAIADy « he
. k of oth hat . Ln the sil : ' t | t
perature with iy SHCTHRIGRTOET B bige " gudf SRR Und DR IHA o
;¢ '~ on a substrate at a substratg temperature of about

~The reduction of the | ocal i zed states was acconplished by glow di scharge <i:§}

-

500-6000K (227-3279C). The material so deposited
on the substrate was'an intrinsic amorphbus mate-~-
rial consisting of silicon and hydrogen. To pro-

10 “duce amorphous material a gas of phosphine (PH3)
for n-type conduction or a gas of diborane (ByHg)
for'p—type conduction were premixed with the silane
gas-éhd passed thiough the glow discharge reaction
tube under the same operating conditions. The

15 'gaseops concentration of the aopants used was be-
tween about 5 x 10-6 and 10~2 parts per volume.

- The material so déposited included supposedly sub-
stitutional phosphqyéus.or boron dopant and was
shown to be extrinsic and of n or p conduction

20 type.

g | While it was not knoﬁn by these researchers,
it is now known by the work of;éthérs'that the
hYdrOgeﬁ in.the'silané combines at an 6§timum-teme

perature with many of the dang1in§ b@nds of the



{Jicon during the glow discharge deposition,. to substantially reduce the
!@-hsity of the localized states in the_energy gap toward the end of making
xe el ectronic properties of the annrﬁmous material .5 appr oxi mat e nore

nearly those of the ‘corresponding. crystalline naterial. D.I. Jones, WE
Spear, P.G LeConber, S. Li, and R Martins al so worked on preparing a-CGe:H .
from GeH4 using simlar deposition techniques. The 10 naterial obtai ned
gave evidence of a_high density of |ogcalized states in the energy gap
thereof. AlthougRilheORafbring &he gle¥ discharge FOR S

bstanti al | d f hat qbt ai nable wth a-SQ: 0t I Kk
substantial1Y, eQHESHabL oYy Yk Bl B Bael s e AL o
coreluds t1at, begeyigeddal bl 3pE5oIoER bk R TS A B
cxperi IOt a1 BRSSLILELIBRAECRRORRREieR00t the ARUESIRE BN o

o Paun s O BhondpREcRInstesbkEOneRe Y kSR BF P SockBpdAny,
whi ch crystalline material. | . | v
D.I. Jones, W.E. Spear, P.G. LeComber, S. Li,
and R. Martins also worked on preparingfa-Ge:H from
GeHy using similar deposition.techniques. The

10 ﬁaterial obtained gave evidence of a-high density
of localized states in the energy gap thereof.
Although the material coﬁld be doéed the efficiency
was substantially reduced from that obtainable with
a—-Si:H. In this work reported in Philosophical

15 Magazine B. Vol. 39, p. 147_(1979) the autﬁbrs'
conclude that because of the large density 6f gap

- states the material obtained is ". . . a less at-
t:active material than a-Si for doping experiments
and possible.applications.“

20 _ The incorporation of hydrogen in the above
silane method not only has limitations based upon
the fixed :atio of hydrogen to silicon in silane,

~ but, most importéﬁ:lY, various Si:H bonding con-
figﬁratidns introduce hew ahtibdnding states which



can have del eterious consequences in these mate- rials. Therefore, there (3;%
are WWasic limitations in reducing the density of | ocal i zed states in these |
materi Is which are particularly harnful ip terms 5 of effective p as

well &s'n doping. The resulting density states of the silane deposited
‘materiats leads to a narrOM/depIetlon width which in turn limts the

ef fici&ncies of devices whose operation depends on the drift of free
‘carriers. The method 10 of - maki.ng these materials by the use of only sil-

‘i con and hydrogen alcam e tdeleter fough cnEEquerntdess uf arrese akatsewhi ch
;affects all the above .param eters. After the devel opment of the gl ow

.di scharge -15  depo#iialen ofThsindfiane f rihars |ane bpsiadkinitationsuin wor k
“was done on the sputter deposition of anorphous silicon filnms in the

‘at nosphere of ‘a n1xﬁmﬂ¥Qﬁn9ﬂ§kﬁ149ﬂ§*F¥ t%PQ4k#%ﬁﬁnﬂkﬁﬁQ§]kn}tﬁﬁﬁﬁtlon

.process) and nDIecuIar drog to deter- m._ne .t he results of such

;nplecular.hydrogen rﬂﬂiﬁ§|§ﬁq(R?Rﬁquk?Rkﬂxﬁﬁ%
Compensating ageht i SF NS B RN A8 ?é’éﬁ%e«du?&qeweem%wed
.states in the en%’e%éﬂ:%p ‘of @:‘ﬁ eé’of q:% eégirlea% %e\'gusdl é]%néterlals
' leads to a narrow depletion.width-whiCh in turﬁ
limits the efficienqies of devices whose-operation
depends on the drift of free-cartiers; The method
_ 10.' of making these materials by the-use of only sil-
icon and hydrogen'aleo=resu1ts in a high density of
surface states which affects all the above param-
: eters.. | -_ |
| After the development of the glow discharge
15 deposition of silicon from silane gas was carried
out, work was done on the sputter deposition of
'f amo;phous silicon films in the atmosphere of a
mixture of argon (required by the sputtering de-
positionlprocess) and ﬁolecular hydrogen, "to deter-
LI - 20 mine the-restlts of such moletular hydrogen on the
éharacte:istics of the deposited amorphous silicon
£ilm. This research ;ﬁdicated that the hydrogen
acted as a'compensatingeagent-whieh bonded in such

'enway as to reduce the'locelized'states in the



i zed states in the energy gap were reduced in'lhe sputter'depoéitfon:
cess was nuch | ess than that achieved by the silane deposition process 5

-~

cri bed above. The above descri bed pagnd m dop- ant materials also were
i ntroduced in the sput- tering process t® produce p and, n doped materi al s.
These materials had a | ower doping efficiency than the materials produggd
in the glow discharge pro- 10 cess. Neither process produced efficieéent
p-doped materials with sufficiently high agceptor con:.centrations for
pr oduci ng conner%?%fgﬁ-ﬂaPUnc#?gﬁyxﬂévggssae?ﬁgehyéoﬁpﬁﬁﬁe? Fcr@ncy was
bel ow desir- abl _ t ' o] La I ng.t.he, l3Ng@ .15 was
particularly undggigggﬁegg%ﬁgé ?ﬁe?ﬁ%régégéﬁF ggnﬁﬁ%grrngﬁggagp?ed states
Ln the band gap. yHgr bguerae! 38g8sel1bAPpr68kLE wARInERAS UG thahon OF thin
filmtransistors and devices ve been proposed wherein the various films
of the tran- 20 ghatshehievéd"Bgethe dilbhAecabpoBitibal prbeesay dif- ferent
el ectrical- charaeteristics. For exanple, thin filmtransistors have been .
propdsed utibizi agsoried awode.fiThe, abevei desckiibed, prandhaudop - icon
filnms and anor phous silicon.and hydrogen films - formed fromsilane as
above nentioned. an#l materdals allsogweret intabdacefli gur &heospultave been
. proposed : _ :
S © tering process to produce p and n doped materials.

These materials had a lower doping efficiency than
the materials producéd'in the glow-discharge pro-

10 cess. Neither procéss produced'efficient p—doped
mate%ials'with sufficiently high acceptor con-
centrationé for produéing commercial p-n junction .
devices. The n—doping efficienc§-was below desir-
able acceptable commercial levels and the p-doping

15 was particulérly undesirable sincé it incre&éed the
number of localized states in the band gap.

Various methods of fabrication-and construc-
_?tion of thin film transistors ahd_devices have bgen
prdposed wherein the various films of the tran-

20 sistor are made of different materials having dif-
fetent_elect:icaluchatacterisgics. For example,
thin film t:ansiétors“haﬁe-beeh peroéed utilizing:
nickel oxide films,usilicon_films,_ambrphdus-sil-

icon-filmsland-amorphousjsilic6n §pamhyd:ogen films' .



such as a pl anar-MOS construction. The prior deposition of anorphous <§%§
'silicon, 5 whi ch has been altered by hydrogen fromthe silane gas in. an
“attenpt to neke it nore clesely resenbl e, crystalline silicon and which has

been doped in a manner |ike that of dopi K9 crystalline silicon, has
=charadL9ristics which in all inportant respects are 10 inferior to those

.of dop€éd crystalline silicon. As reported by Le Conber and Spear and

-others refer- enced abov§,é n the.silane based transistar devices the
‘| eakage current mayfQEMEd [ ﬂma§1}GPf1a§n§®P8§,WFﬂ OB at P OcurPEd
“appears to be about - anper, : Vi S\ i ency
-appears to be about o%&ﬁgé%mgﬁ%ﬁtcﬁél gfp’gbf?'lai“trgllng%og%%sﬁ \#gteeq]lﬂe}%lﬁadt’sgﬁjal

.degrades - with tine.shkhhg§_ggggg@%?paﬁgggg%%ﬁﬁqaﬁidﬂqlar cell which is

ressentially a photosensitive i er zi ng an anor phous al |l oy

“including siticon and fl 4@ B2 jioh HaBRIVINEYE ARt tHoRs R3l18¥on\0-
4,217,374, issued 8/12/80 fo?&&nnrphgﬁglsenicon- ducE%# Eﬂuivalenf to

T e SR BagSuasitd iRl ty dyscned hem sty
'R 7 Oyshinsky and Agus Nhdah aAtempt o wakhd tpmerentcliosedy iresenble | S
| . 'crystalline silicon and which has been dopéd in a
manner'like.that of doping crystalline silicon, has
characteristiés which in all important respects are
10 'ihferiqr to ﬁhﬁse of doped crystalline silicon. As
reported by Le Comber and Spear and others refer-
enced above, in the silane baséd transistor devices
the iéakage current may be as low as.lo;l; amperes,
the satﬁraﬁién.current appears to be about.s x 106
15 amperés. the device switching frequency-appéars to

be about 104 Hz and the stability is poor since the

material degrades with time.
It has been proposed to make a solar cell

which is essentially a photosensitive rectifier

. 20 utilizing. an amorphous alloy including silicon and
fluorine in the aforementioned.U.s.-Patent No.
'-4,217,374, issuéd 8/12/80 fo£ Aﬁorphou$ Semicon-
,dugtor Eqdivaleng to Crystailine Semicopdﬁctors,
'.stanféidln; Ovshinskywahﬂ:MaéatSugu Izu and'ﬁ.s.



vided a thin film field effect transistor of the 5~ type forned

Pstantially in layers on a substrate, said transistor including a drain

.egion, a gate region, a source regiony a gate insulator, and a gate

electrode, a thin filmdeposited anorphous sem conductor alloy |ayer

7T ncl udi ng at i go n | uqr, | t oukge

"regl on and sg%gggr alﬁh rg ?gﬁ gr?g fg'réns%%%d rldmagjr:]tofég:nc?uct I on%hgln%el e

t her ebet weenStenferdake Ovshitmsky mdn@num Matarct with a 1east said

amor phous ser condyel@iadhly0ol Y gr&&@%eﬂﬁgﬂ%%b g I n contact
and

"wWith at |east a portion of “said I nsul at or f ormed

adj acent to §5P31§§Gréethégléﬁlnbmﬂ}Q%QMQfﬂﬁﬁﬁ(ﬁ?%ﬂﬁi%ﬁﬂﬁi BHhous

sem conguct Otﬁﬁk-:-' %rh&el’sub@t%fdt&&mw i&hQ.aglﬂifé)W?a At D, i@ NS
. hydr ogen, as .an annrpg | oy, a-.Si a: Hc 20 where a-is between 80
and 98 at oni EXpRALERLT BOC “gét’\ﬁe arajmny ﬁ?jé’[‘bmac %”éﬁ'ecé’rﬁ Iy @is

bet ween 1 andoh@cat wﬁgaomrcae@hteﬂma‘u]ﬂﬂbze,f farpd d romtss Sémcmﬁélii\/_e

vari ous geongt MXS |ike constructl n.,of 2
i nvention an £§§% g@é g%ﬁ§§§€é § PR EROUR S ﬁQ? EQF é?l%gulator _
bet ween t he éayereinegmdnsgohttmaaStrsﬁlﬁqqnfand(fkﬁdnﬂnetlmuﬁan#antand at

conducthRg S r S 53¥M§H ed on
an i nsuF'gt orw'l}'%h %Tagdsg%l%g%%d%ce{%w arrluil ns tLRi{ an I nsul at e% '
seni - conducBoFusEsEstr sgoaductien, ¢harsrek m@ﬁﬁﬂﬁﬁﬁWQ%ﬁptﬁﬁlémgate .

~insulator being in contact with a least said amorphous
semiconductor alloy layer, said gate electrode being in
contact with at least a portion of said gate insulator
15 and being formed adjacent to said source region, said
drain region and said amorphous semiconductor alloy
layer.
Preferably, the amorphous alloy also contains
hydrogen, such as an amorphous alloy a=Si,:FpiHg
20 where a is between 80 and 98 atomic percent, b is
between 1 and 10 atomic percent and c is between 1
and 10 atomic percent.
The field effect transistor can have various
_geometries  including a V-MOS like construction of
25  the invention and can be deposited on various
substrates with an‘insulator between the active
regions of the thin £ilm, field effect transistor
and a conducting substrate such as a metal. The
transistors can be deposited on an insulator, a
30 semiconductor, an insulated metal or an insulated semi-
conductor substrate. Because of the capabilitykbe
formed on various substrates and the low léakage and
operating current, the transistors also can be formed
on top of one another, i.e., stacked.




formed on various substrates and the | ow | eakage and * operating current,
‘the transistors also can be fornmed on top of .one anot her, i.e., stacked. :
The thin.film, field effect transi stofscan have various desirable
.characteristics depending upon the particul ar geonetry chosen and thi ckness
of fﬁé%jiln1of anmor phous silicon fluorine material 5 chosen such as, for

| &,

exanp a DC saturatiDhecthifanEidm,| eWedg &8£EcB8NBPRRARS18REXURBAKO OF
uency at _| east above 10 MHz,

‘greater than 10- peres, an_uppercut off fre .
:g hi gh OFF resisé%%%gvffﬁ?g§ig?gﬁf@grﬁtFgaﬁﬁcﬁgﬁaﬁtfﬁﬁrF?Psﬁﬂlﬁgvery | ow
| eakage current dpon bheapanti&ﬁl&ragpem?tgyeeao?gnlgua$Pn&fk?besa!Igyrdggs
‘not degrade wt i i p¥ent | Lncl udes a Leffect trangisto
.descriged above %v?ﬁ%-gE%TaﬁgrQ%t§£¥#ﬁg gﬁﬁiFPﬁc#iﬂﬂrﬁﬂgr@Pﬁe§ﬁﬁg
ranor phous a? 'oy $ageen|sugh asfofnedgxamphﬁd aubftsatarataohlcerrbagdbofd
insulator raterigd iswfQENES~ONamdbfe S y [ con an
fgf I nsul at or nat§$11?wi§§forneda% gggggéﬁngghsésbgl?%§¥?3§g§h§ﬁd I s spaced
fromsaid first H3nd %WP?H§EPQ§%ruHB?§rF§F;°§§|ﬁ?squgoeYreglbﬁass 20
formed over Saidaﬁbfétlbamﬂzwﬂ&hhﬁ?hleﬁﬁtrasﬂgﬁéﬁEngﬁ EgQ%QG%n$éth sai d

7 an

! By id ain_.region js-Torned over said secon Wth at
?g;g¥ ;azgriizg rag£9 of io » and a very low leakage current

- 10 of about 10"1l amps or 1less. Further, the
alloy does not degrade with time.

about |

[}

The invention includes a field effect transistor
as described‘above having a planar MOS-like
construction wherein said.amorphous alloy layer is

15 formed on said substrate; a first band of insulator
material is formed on said amorphous alloy layer; a
second band of insulator material is formed on said
amorphous.alloy-layer-andiis spaced from said first
band of insulator material; said source region is

20 formed over said first.band with at least a portion in
contact with said alloy layer; said drain region is '
formed over said second band with at least a portion
in contact with said alloy layer and is SPaced from
said source region; said gate insulator is formed over

25 _-said.source region, said drain region and in contact

. with said alloy layer between said source region and
said drain region; said gate electrode is formed in
contact with at least a portion of said gate insulator;
and a passivatihg layer-is:formed.over_at'leaSt a

30 portion of the layers. |
_ - The invention also includes a field effect
transistor asadesctibed”ébove wherein said drain region
layer is formed on at least a portion of said substrate;
said source region, said-amorphous'semiconductor alloy



ontact wwth said alloy |layer and is spaced from said source region
i?@ ~gate insulator is fornmed over 25 said source region, said drain
egi/fon and in contact with said all oyl ayer between said source region and
a¥d drain region;, said gate electr is formed in contact with at | east
sa portion Ofl&?b@_gﬁﬁesbﬁaua@dyﬁ_ﬁﬁgidh}iﬁ%ﬁiﬁ@ldﬂﬁié@ﬁﬁalEg&fﬁé&ﬁ&O at
lTeast a 30. portion of the layers. The invention also includes a fiel
effect transhafiokadd getel iipedlahore bdieieidisigedaibstam pLlpyer is
formed on at.[east a portion of said substrate; said source region, said
anor phous sepagaldedt @o @salidy dtaglonsdr sand s it aeparegiiny feid ng a
di agonal surface; and said gate insulator being disposed substantially
parall el to gate elagiradesfirenc saddl awpplaoussawicbmghictat exllaye from

in

- said anorphous sem conduct or a1loy 5 ‘layer for controlling.the current
conduct Pon t Aayegh foui dondmoediting rither tdwrrasitaromiduct jprefEnrawenbodi nent
of this invention will now be described by way of exanple, with re- ference

to the draw §gddactamentyicanpdudtsian adiannello cation in which: Fig. 1is
a vertical sectional view of one enbodiment_of thin filmdeposited, field

effect transistor APadxeferzed ephedimgnth afhdhismdnvRptian .

will now be described by way of example, with re-
ference to the drawings accompanying this specifi-
10 cation in which: | |
Fig. 1 is a vertical sectidnal view of one
. embodiment of thin film dgppsited, field effect
transistor made in accordance with the teachinés of
the present inVention and_ﬁaving metal sourcé and

15 drain regions similar to a planar MOS~type tran-

5 sistor.
é Fig. 2 is a schematic circuit diagram of the
3 transistor shown in Fig. 1.

Fig. 3 is a vertical sectional view through a
20 second embodiment of a thin film deposited, field
effect transistor similar to the transistor shown
.iﬁ Fig. 1, having semiconductor source and drain
regions. |
. Fig. 4 is a schematic circuit diagram of the

25  transistor shown in Fig. 3.



simbkar to a planar MOS-type tran- sistor. Fig. 2 is a schematic circuit
-di agram of the transistor shown in Fig., 1. Fig. 3 is a vertical sectional
.vi ew through a 20° second enbodi nent of'a hin filmdeposited, field
~effecttransistor simiar to the tran5|stor hown in Fig. 1, having

‘sem cofduct or source and drain regions. Fig. 4is a schenatic circuit
dlagran1of t he 25 transi stor .shown.in Fig 14_Fi a vertical
'sectional view of anotheFi@nb5diﬁeﬂtV®¥t%%$ﬁ ???ﬁi%@%%sYg% of j anQther oct

;LE”ZL oo o Zéﬁpq%&fméé??i £°¢ °£p§%sf$yésm§hg%g Eﬂié%??%é‘# e

L t

ZEr?f'?al dftldﬂl Oé? RETkor At L8E S BheohFRBRLBsok Jepgim” .|%¥9'S 2
) 1

.deposi ted, fie %bnﬁ%@ﬁ{’ é%@gf'ééggcgra}.haarafntPsgiaagssiﬁ.ﬁaia?he&n in

"Fi'g. 5, having sem P e o
v 5 a;ViMQs-type.transistor.

t he present invention and having netal source and 15  drain regions (ggi

"

Fig. 6 is é schematic.circﬁit diagram of the .
transistor shown in Fig. 5.
fig. 7 is a vertical sectional view through a
second.embodihent of a thin film deposited, field
10 effect'transistorﬂsimilar-to the transistor shown
in Fig. 5, having semiconductor soﬁrcé and drain
regions.
FPig. 8 is a Schematic circuit diagram of the
transistor_shdwn in.Fig. 7.. | |
15 lFig.'Sfis a vértical.sectionai view through a
thin f£ilm deposited, field effect tranmsistor, sim-
ilar in-function:to thg.transistors shown in Figs.
1-8 but having a different geometrical construc-
tion. | |
. . - 20 Referfing.now‘to-the:figures in greater de-
tail, there'is-illusttated'in Fig. 1 a thin film,
 fie1d effect transistor 10 made in accordance with
'the7teachihgsiof the present invention. As shown,

the transistor 10 is fdrﬁe& on a substrate 12 of



8 is a schematic circuit diagramof the transistor showm in Fig. 7. 15
g 9 is a vertical sectional view through a thin filmdeposited, field
A7ect transistor, sim ilar in function to the transistors shown in Figs.
/3 ‘but having a different geonetricaL.c? truc- tion. 20 Ref erring
now to the figures in greater de- tail, ere is illustrated in Fig. 1
thin film field effect transistor 10 nade in accordance with the teachl ngs

of the present

i nvention. As shown, the transistor ‘10 is forned on a
substrate 12 of insulatdingt mgemtadr wliichhicomldoied ah@id icidn materat e-

rial, a layer of. polyner naterlal or. an insul ator- on top of a netal.

Dep05|ted on therééﬂstﬁaﬂéyff

pr esent

fluori ne which c8R

I nsul ating materl ﬁyagﬁﬁdggc w1"'| 5&%% 8@5‘%2? (f’ }ﬁ%cl ?fyeﬁ?é? flr)g%dl 26 °

N or P type al-

anot her
channel

s

10

15

20

rmed,  as
icon and fluorine which can also contain hydrogen

and which can be doped to form an N or P type al-
loy. On top of this alloy layer 14 is a-layer or
band 16 of insulating material such as a field
oxide and spaced therefrom is another layer or band
18 of insulating material such as a field oxide;

A channel or opening 20 is formed, as by con-
ventional phétolithography techniques, bétween the
two bands 16 and 18. A soutce-metal conductor 22
is depo§ited over the band 16 with a portion there-
of in contact with the alloy layer 14 to form a
Schottky barrier contact at thg interface between
the source mefal 22 and the amorphous alloy layer

14-

In a similar manner a conductor or layer 24 of

drain metal'is_deposited;over the insulating band
18 with a portion thereof in contact with the alloy
layer 14 spaced from the;sdhrce metal 22. The in-

terface between the drain metal 24 and the amor-

n@REHEIRL B ARMIMSHRLST t he
5 mvenhggglogggﬁtgl:eﬁaﬁyg 5‘8%1 M%lclt‘lg:?n sil - I%tg aforman

or 1H@§§ti§n°f1s' 35S 3l %ﬁl%%“i aydr 34C1RA R i de A

eni ng
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.venKTonaI phot ol i t hogr aphy techniques, between the two bands 16 and 18. A
*source nmetal conductor 22 15 I s deposited over the band 16 with a portio
‘theres~of in contact with the alloy layer 14 to forma Schottky barrier
‘contact at the |nterface bet ween t he so#g%ﬁ metal 22 and t he anorphous

call oy Iayer 14. 20 - In a simlar

drain tal i-s deposited over the I nsulating band 18 with a portion thereof

a conductor or |ayer 24 of

in contact with the_alloy spaced fromthe_s tal ,22. The in-
terface between thepﬁ?gﬁnl §435E8%Fﬁe33 er chﬂgggyn§9§FL§£ creates

teri Al such ay. Sa§é“§éF§3”E?CéaPsAﬁﬂ?P?GEQEE5?§8§ep§" BE$R50artiRY ource
metal 22 and drain gEtekid) sAgn2ad GHeEOBkiak Bt DakPondtRyaLoss 3kl oY

.any suitable netal such as al um num or

| ayer 14 between the source an dra| net a ayer

insulating material déﬁogﬁﬂeé' bedracgat soﬁgedu%ealZQzMQhahaea@nbﬁ.eme of

denum On the gate

-conductor anothsr | ageand0iff cobnedbat wighmeher aﬁbrtFﬁodspa;nbydlhgeaa;al vat e

-the device, which is identified as a field oxide

he insul ating | ayers 16
and 30 woul d be joi between the source and drain metal. On this layer

26 of gate insdlating-material is deposited a gate
conductor 28 which can be made of any suitable
metal such as aluminum or molybdenum. On the gate
10 conductor another layer 30 of'insulating.material
is deéosited:to_passivate the device, which is
identified as a field oxide.
The insulating 1aye:s 16 and 30 would be join-
ed bef6£e the-next adjééent.transistof with the
15 soutce 22 connected to an external conductor. The
insulating layer 16 forms the insulator for the
next device similar to the insulator 18 of the
transistor 10 shown. |
The gate insulatof layer 26 and the bands 16
- 20 and 18 of.insulating material referred to as being
a field oxide can be made of a metal oxide, silicon
- dioxide or other insulétor:such as silicon nitride.
. The source metal 22 and drain metal 24 can be form-

ed of any suitable conductive metal such as alumi-



afdexternal conductor. The insulating |layer 16 forms the insulator for the
Xl device simlar to the insulator 18 of the transistor 10 shown. The
gat€ insul ator |ayer-26-and the bands, 6 16 20 and 18 of insulating nmateri al
referred to as being a field oxide carj~pe nmade of a netal -oxide, silicg

di oxi de or other insulator such as silicon nitride. The source netal 2Z and
drain nmetal 24 can be form ed of any suLtabIe, onducti ve netal such as
alumi- - num reWBpdEel¥bdenumorrahigh ark; EAnpELan Betalagughi

[ | ati -¢hr om - Th ' } . b nitride,
C7) Toon b ot do 85 01 BRI TbpacERaPbim OF coRtBhiGr, ?E%ogla%rﬁl:eevw th
i con di oxi de 7 SPHT oBy A £FFacrHEl O e dBCoPAA
iluor i ne which CHROGHEESE SR ne UERLE e o R L O ATbRIRE BT T

anor phous al | oy %€¥§E°&3%%g€i&eah%ggrpaﬁyides'the desirabl e characteristics

10  enunerated ore can be utiTized for many different circuits.
The al loy |ager 14 isiprgecbfdante WeER Eﬁeﬁt@ééh-fﬁgﬁbo‘ﬁh%h&Prés bet ween
80 and 98 atomic percent, b is between 1 and 10 atoimic percent and c is
between 1 and 10s@h®nifvertién}.an alloy containing silicon and a

EEi?efore t he next adjaCent transistor with the 15 . source 22 connected to

fluorine which can also contain hydrogen is uti-
lized for forming the amorphous alloy laYer 14.
This alloy provides the desirable characteristics

10 enumgrated before which canrbe.utilized for many
diffefent circuits. The alloy layer 14 is pre-
ferably made of.a—Sia=Eb=Hc_where a is betwéen 80

: gnd 98 atomic percent, b is between 1 and 10 atomic.
pércent ahdﬁc is.between 1 and-lﬁ atomic percent.

15 The alloy can be doped with a dopant from
Group V or Group III of the Periodic Table mate-

- rials in an amount constituting between 10 and 1000
parts per million (ppm). The;dopant materials and
amount of doping can vary;

20 The thickness of the alloy laver 14 of amor- »
phous.material-can-be between 100 and 5000 Ang-
stroms, one;thiqknessfutilized:being_approximately
1000 Apgstroms. The source metal.zztand-the drain

metal 24 can also have thi¢knesses ranging from 500



t
.

1'5 o The all oy can be doped with a dopant from Goup V or Goup |1l -

"the Periodic Table mate- rials in an anount constituting between 10 and
1000 parts per mllion (ppn). The dopant materials and anount of doping

can wary. 20 ‘The thickness of the alloy |layer 14 of anor- phous

mat er{gl can be between 100 and 5000 An stroms, one thickness utilized
+ bei ng "approxi mately 1000 Angstronms. ~ The Source netal 22 and the drain
~metal 24 can al so have thicknesses ranging from500 - to 20,000 Angstrons

“with one utilized tto 2000 Pt xomsppl €l i owe altyi PSS Attyiekmesss  The gate
* conductor 28 al though described as being nade of netal, can be nade of a

. doped semni conduct orbeing-of apprexindtelssi20d0 Augpstrbmsy. ugbhe tgateeonet ry

. of the various layers and thicknesses of the various layers, a field effect
‘ transistor can be @RAYGkAER&AMhough idrerriked amdeing (Mrde kage

" current is-ap- 10 - proximately 10-11 apperes thereby to_provide a high OFF
" resi stance and-a DE&%ALr £ P RAdMtoha HPPet SEMAIGAUARY BA¥RT es. I n

constructing the thin fi field, effect transistor 10 shown in Fig. 1, the
| ayers of mate-515 nqi{ aﬁn%ﬁﬂr&ﬂt icularly the alloy |ayer 14, are

N ~ Depending upon the geometry of the various
layefS'and thicknesses of the various layers, a
- field effect transistor can be constructed as de-
| scribeé above wherein the leakage current is ap-
10 proximately 10-11 ampenes-thereby to provide a high _
| OFF resistance and a DC saturation cﬁrrent of ap~
proximately 10-4 amperes.
In-éqnstruqting'the thin film, field effect
 transistor 10 shown in Fig. 1, the layers of mate-
15. rial, and particularly thg alloy layer 14, are
deposited by various deposition téchniques; pre-
fetably by glow diScha:ge.
o A conventional schematic gate (G), source (S)
and drain (D) circuit diagram of;the field effect
20 .transistor 10 is illustrated in Fig. 2.
.Reférring.nOW'tp Fig. 3, there is illuétrated
a planar-constfucted*thin £ilm, field effec£ tran-
-:.sistor:40 which, like the*tiénéistoi 10, is formed

on an insulated substrate layer 42. On top of the

v



/0dEposi ted by various deposition techniques, pre- ferably by glow discharge.
§$§_nventional schematic gate (G, source (S) and drain (D) circuit diagram
Jthe field effect 20 transistor 10 is illustrated in Fig. 2. Referring

wto Fig. 3, there is illustrated a planar constructed thin film field

effect tran- sistor 40 which., like thekiransistor 10, is formed on ansy = -
I nsul at ed substrate | ayer 42. On top of the 19 substrate naterialikf S
deposi ted, such-as by gl ow di scharge, an alloy }layer 44 including silicon

and fluorine whi cubdtrate aaherial 4% |isldepositadn such as bie $¥O¥ he N or
Ptype. On this alloy layer 5 44 are deposited two layers of insulating
material 46 and fdsghianger an aldaedaver #4&ipcluding SibicRnand a fiel d

36 and 48 are cepasride MU AR Pretabie Nelian BIYESAEN L, and a
orain 210y, Layer gl o e AoAdS W SET, B GHE TR R EREE ST 201
s ahous SLEYS Akt Bullodtobd WH Aeq f NG Spdgrant e ace
46 and 48 which are refer;ed to in Fig. 3 as being
made of a field oxide with an'opening 50 formed
therebetweén. Above the insulating 1aye£s 46 and
48 are deposited.-respedtively,_a source alloy
10 1ayer552 and a drain alloy layer 54 which also
include silicon and fluorine and preferably include
hydrogen. The source 52 and the drain alloy 54 are
"N or P type amorphous alloys. .An N-P or P-N junc-
tion is then formed at the interface where the
15 layers 52 and 54 make contact with the alloy layer
l44.
' After depositing the layers 52 and 54, a gate
iﬁsulatdr layer 56 referred to as a gate oxide 56
is deposited over the source-région 52, the exposed
20 porﬁion of the amorphous layer 44 and the drain | *
region 54. Then a gate conductor 58 is deposited
over the gate insulator 46 and a passivating insu-
lating 1ayér 60 ié dépqsited on top of the gate

cohduétor 58, identified as a field oxide.



44 After depositing the layers 52 and 54, a gate insulator |ayer 56
.referred to as a gate oxide 56 is deposited over the source region 52, the

~expoged 20 portion of the anorphous |ayer 44 and the drain region 54.

- Then ‘a-gate conductor 58 is deposited over the gate insulator 46 and a

- passi yating insu- lating layer 60 is dq@ggited on top of the gate conductor
58, identified as a field oxide. A Tonventional schematic gate (G,

- source (S) and'drain (D) circuit diagramof the transistor 40 is
~illustrated in Fig. 4.. Nhfiditaiciiae siiemiiid Ratd Aw) Stsdurke B) 5

. the transistor 10 is that the drain and source regions or: conductors 52
~and 54 of the transind @raith A Titcwt diwyiadoh e trdmsistonntd

. prefer- ably an a-Si:F:Halloy.. In Fig. 5 there is illustrated a new V- MOS
10 like constructisnilldusteateddn (Figdia film field effect transistor

- 70 made in accordance with the teachings of the present invention. On a

- substrate |ayer 72 is fiTha dififedenne betuwann dtheonangister Mbmand 74

~ which has a central portion thereof 15 cut or etched away. On top of the
drain netal 745 the transistor 10 is that the drain and source

3

regions ot-conductors 52 and 54 of the transistor
e _ 40 are made of a semiconductor material and prefer-
ably an a-Si:F:H alloy. . |
| In Fig. 5 there is illustrated a new V~MOS
10 like construction illustrated in a thin film, field
| eﬁfect transistor 70 ma&e in accordance with the
teachings'offthe-present invention. On a substrate
 1$yet-72jis first deposited a layer or band.of
drain meta1-74 which has a central portion thereof
15 cut or etched away. On top of the drain metal 74
..is depoéited_a thin'layer or band of amorphous
alloy 76 which has é central portion cut or etched
: aﬁay,alighed with the cut.aﬁay portion of layer 74.
Similarly, a layer of source metal 78 is deposited
20 on the layer 76 and a corresponding central portion
- - : théreof:is cut-away. Alternately, all the layers
© can be etdhed in one step following the deposition
'ofjali'the”layers._ Then-a_géte inéﬁlator 80 re-

 ferred tb as_a'gate'oxide is deposited over the

—



pokergn -cut or etched away aligned with the cut away portion of |ayer 74.
Sinmdarly, a layer of source netal 78 is deposited 20 on the layer 76 and
a correspondi ng central portion thereo§¥¢s cut away. Alternately, all the

| ayers can be etched in one step follo g the deposition of all the i;

| ayers. Then a gate insulator 80 re- ferred to as a gate oxide is
deposited over the source netal 78 and into the resulting central V- cut

space 62 and ont Gddied HdddP YR Med Nend éﬁ'@éﬁP@Iﬁ?%@nZﬁ‘al ¥6 and 78

and over the exposed substrate 72. Then a gate conductior 84.is de- 5
posited on the gajut ispadetsy &hl anta theeindbinéd édges abf nghent eri al
identified as a field oxide is deposited over the gat'e netal conductor 84
as a passivati ng lapey potionmri4 cUlGrand Vb andk covensthe céxposedt h 10 t he
open space 80 has the advantage that a very short distance L is established
bet ween t he sour cubaitzate’ 4 2nd Then i gatercondustonr®tighs tde—~al | oy | ayer
76. The layer thickness or distance L re-_sults in a_high operatin
frequency, arfd apesfked on thﬁu&ﬁ%ﬁikﬂﬁQAﬁﬁQﬁnazPﬁﬁﬂtﬁmﬂQY%hsﬁﬁtQEV

configu- ration of Figs., 1 and 3., The, | eakage current pm . .
insulating material identified as a field oxide is g

iéggéﬁosited a thin layer or band of anorphous alloy. 76 which has a central
i

deposited over the gate metal conductor 34 as a
passivating layer.
' This particular V-MOS like construction with
10 .the open space 80 has thé advantége that a very
short distance L is established between the source
metal 74 and the drain metal 78 through the alloy
layer 76. The layer thickness oi distance L re-
sults in a high operating.frequencj, énd a higher
15 saturation current than the transistor configu- -
ration of Fiés. 1 and 3. The leakage current may
increase over the configuration of Figs. 1 and 3.
A convention#l schematic gate (G), source (S)
~and drain (D) diagram of the transistor 70 is shown
20 in Fig. 6. |
In Fig. 7 is illustrated another V-MOS like
'thin film, field effect transistor 90 formed on a
substrate 92 with alloy layers 94, 96 and 98 having

silicon and fluorine (N or P type) deposited on the



incpgase over the configuration of Figs. 1 and 3. A-conventional schemati :
gate (G, source (S) and drain (D) diagramof the transistor 70 is shown Olfd
in Fig. 6. InFig. 7 is illustrated another V-MXS like thin film field
~effect transistor 90 fornmed on a substrate 92 with alloy layers 94, 96 and
98 ha¥%pg silicon and fluorine (N or P £e) deposited on the substrate
92. e respective |layers 94, 96 and 98 have a central portion 100 cut or
etched away thereof. Then a gate insulator 102 identified as a gate oxide

T L AL - U W S L B e o vl
% sub 92 h A d 104 ninS i i | at o
Thver 105 aad Tast! Haye'algbRrEI ORI oh 1000 cURPRY ERCHIMCRWAY | 1S 81 00

- oxide, is.deposit edtﬂ&?&oghe- @fef AOBdtE! dnsbiifeolnq ol FBRNHIF A0 aapgy Al €3

“utilizing the opposite I ased. P-N jJunctions forne etween | ayers 94 and

. 96 and between 96 agdt88oxide lis2@epdsited0 oversithiel @lgled dfNehle’ AAYet! OF .
15 70 as shown in Fig. 5 except that the source region 98 and drain

.region 94 is mage obhgaandncontdetisothel kxposedcedgesaod theHlaybis P4YCS
: | 1ske construe: 96, and 98 and also the exposed portion of the
e _ substraté 92 as shown; A gate conductor 104 is
| deposited over the insuiator layer 102 and lastly a
Iayer-106 ofﬂinsulating"material, such as a field
10 ‘oxide, is deposited over the gate conductor 104.
The_fransistor 90 operates utilizing the oppositely
biaséd-P—N.ﬁunctions formed between layefs 94 and
96;andfbetween-96'ana.98}' - |
The’transfstor'SU is similar to the transistor.
15 ?0 as shown in Fig. 5~éxcept that the source region
98 and drain region 94 is made of a semiconductor
alloy, such as é—Si:F:H. The VHMOS like constrﬁc-
tion of the invention illustrated by transistors 70
and.90 is advantageousiy utilized with any depos-
20 ited semiconductor material, such as but not only a
5 : silicon_alloy~¢ontaining at least hydrogen as de-
pOsited from siléne@'f-
'~A_ch§entiona1 scheﬁatic circuit diagram of

' the transistor 90 is illustrated in Fig. 8.



}og f the invention illustrated by transistors 70 and 90 is
§Bdmiageously utilized with any depos- 20 Ited sem conductor material,
sty s but not only a silicon alloy containing at |east hydrogen as de-
posited fromsilane.. A conventional schematic circuit diagramof the
transistor 90 is illustrated in Figéxg? Referring now to Fig. 9, thgge
Is illustrated therein another field effect transistor 110 nade in
accordance with the teachings of the present inven- tion. The transistor
110 is formed on a ne QU e ok i : i eon a -
thin |ayer of_insulat?%geggﬁg igﬁba%? x&%%hggeggfgﬁiggfﬁggggﬁﬁﬁgﬂggnponents
of the transistogndi@ih anoher #izlas ¢EFect erhhbidtdryall0 maddd nrenough
so that heat generated in the transistor 110 can flow 10 to the netal
substrate whi ch fecekdankeawithnlthiehdedictiingBhof e fodeserft dmverf+ ect
transistor 110 is formed by depositing a source conductor |ayer 114 nade of
metal or N or P wipfa.seffheondansdstar A10 1is fokrmbdaion comtalor 116 is
deposited on the insu- lating |layer 112 and also is nmade of a netal or a P
or N type seBi cossbstrata 1dy whichohas deposided dhareon B4 116 is
deposited an intrinsic or _ _ , <
layer of insulating material 112 which separates

the active components of the transistor 110 from ~
the metal substrate 111 and yet'i% thin enough so
that heat generated in the transiétor 110 can flow
10 éo-the_metal substrate which formg a heat sink
~ therefor. _ | '
The thin film, field effect traﬁsistor 110 is
- formed bj depositing a source ccnductot layer 114
made of metal or N or P type-semiéonductor alloy.
15 A drain conductor 116 is depositeé'on the insu-
lating layer 112 and also is madegbf a metal or a P
or N type semiconductor alloy. Oﬂ_top of the con-
ductors'llé-and 116 is deposited an intrinsic or

t @
lightly doped alloy layer 118, such as the a-Si:F:H

*

20 - alloy previously described.
| -On top of the alloy layer 118 is deposited a° p
gate insulator 120 which can;be_a_silicbn oxide or
a silicon nitride. On top of the gate insulator

120 is'deposited a gate conductoriléyer 122 which



. 3
Iigp{fy doped all oy layer 118, such as the a-Si:F:H 20 alloy previously .
descri bed. On top of the alloy layer 118 is deposited a gate insulator 120

- whi ch-can be a silicon oxi-de or a silicon nitride. On top of the gate \

“insultator 120 is deposited a gate conductor |ayer 122 which can be a

“metal (o sem conductor material. A pas-.sivating | ayer 124 is deposited.
over the gate con- ductor 122. The varioug ansi stors 10, 40, 70, 90, and
"5, 110 can be formed in a matrix.so that her the source or drain region

~extends as a Y axis con- ductor across the dep05|ted substrate 112. Then,
the drain or sourcecaegbgnaumeuabogrtegm@gonéuqtars@gtegaaéd dPaPAasor
source region which is then 10 conneg¢ted to an X axis conductor. Then

. the gate el ectrode QVGEbBS|§GMe§ola§ § depeddtedr aVes| ths gAREevCQR™s (o

- forma Y axis gate “thé In‘this way, the field effect transistors 10,
.50, 70, 90, and 110 Eﬁ OFelferiized in conjunctiOn with 15 PROM devi ces
.to formthe isolating deﬁhce Ln.a gn X cult hersfo& mhbgh conpri ses a
- menory reégion and the is ﬁ§183§| a ? ?ﬁPn 'f|8P

_transistor of the pj§geghnl BYCEbERBaLH Ehﬁa\‘.ﬂkogﬁ £RgE! Laehsmﬁa-
source-of drcin region extends as a Y axis con-
ductor ccross'fhe deposited-substrate 112. Then,
the drain or.source region is deposited to form a
éegregated.draih or source region which is then

10 ccnnected to an X axis conductor. Then the gate
eiectrode is depocited so as to extend parallel to
:the_Y_axis_to form a Y axis gate conductor. In
ﬁhis maff the field effect transistors io; 50, 70,
90, and 110 can be utilized in conjunction with

15 PROM devices co form the isclatingfdevice in a
memory circuit therefor which comprises a memory
region and the isolating device.

The thin film, field effect transistor of the
present invention and the various specific embodi-

20 . ments thereof described herein prcvide a transistor

s}

which is very small énd'yet'has very good operating
characteristics as enumetated above. The top in-
N sulating layer of the tran81stors, such as 124 in

Fig. 9, can be utilized to form the insulating



. nents thereof described herein provide a transistor which is very

and yet has very good operating characteristics as enunerated above.
3 f'op in- sulating layer of the transistors., such as 124 in Fig. 9, can
be utilized to formthe insulating Lﬁ%;r for another transistor- to be
formed thereon to provide a stacked tra%et stor configuration and hence(d
further increase the packing density of the devices. This is possible
because the | ayers are 5 deposited and because of the | ow operating and

| eakage current dayese fosyianether: sransdstaredst ke formeditherean wil|l be

apparent that a thin film field effect transistor inéorporating an alloy
| ayer of a-Si:F: o REavide @ stacksd)itipnsishar t"&ﬂ:ﬁrﬁ%b{i‘*tﬁml rﬂé“f)lr esent

e o BRI PR AT o 031
T tt Jd er. . ' . i

L0 oo B, B .y PRl

et Pl veul| CORoe AP P BN Y Y A ol e e

or senicondp t or terial’,” e sane neta
or 20  sem condyelMagd@PicRirrdnt of the devices. :

From the foregoing description it will be
appareﬁt that a thin film,.field effect transistor
incorporating an alloy layer of a4Si:F=H therein

10 according to the teachings of the present invention
has a numbe: of advantages.

The planai strudtures_gf Figs. 1, 3 and 9 also
can be fotﬁédnin'ihverse order to fhat shown with
the gate on the bottom. The Schottky barriers also

15 can be an MIS (metal insulator semiconductor) con-
tact. Also, the gate conductor in a deviée can be

' metali polysilicon or doped semicénductor material
with a different metal or_semiconductor drain ma-
terial, instead of both being of the same metal or

20 semiconductor material.



s C L.M S * CLAM: 26 1. Athin film field /\

eff€ct transistor of the type formed substantially in umnﬂﬂﬂﬁmmmlllml -
substrate, 5' said transistor including a drain regi -
source region, a gate insulator, and a gate el ectrode, & tHin“fi'm :
deposiit ed anorphous sem conductor alloy layer including at |east silicon
and- fuori ne i gLAGMSact with said sourcg%gfgion and said drain region and
10 form ng a current conduction chann t her ebetween, said gate insul ator
being in contact with at | east -said anorphous sem conductor _ alloy |ayer,

" .said gate el ectrode being in contact with at | east a portion of said gate

i nsul ator and bei ng flor me@ i&iaceddlm fdidd ffegdutdansdftar afid drain
regi on and sai d_anor phous semi conductor alloy |ayer. 2. Athin film
field effect ttREst¥PS FREBGAdiSNPstantiaihyl ifhdradiarss A aa A | oy
20 al so_contains hydrogen. 3., _Athin film, field effect transistor
accordi ng>to cBalfh Fraps2shed dnelading, o dRadEs TGP hds 32t iTaSHYy of
bet ween 100 and 5000 Angstnons. 25.%. LA thin film Tieli_effect

transi st or a source region, a gate insulator, and a gate electrode,

» a thin film deposited amorphous semiconductor alloy

)
layer including at least silicon and fluorine in contact

a{

with said source region and said drain regién and
10 forﬁing a current conduction channel therebetween, said
gaté_insulator being in contact with at least said
amorphous semicbnductor alloy layer, said gate
electrode being in contact with at least a portion of
said gate insuiator and being formed adjacent to said .
15 source region, said drain region and said amorphous

semiconductor alloy layer.

2. A thin film, field effect transistor
according to claim 1 wherein said amorphous alloy

20 also contains hydrogen.

3. A thin film; field effect transistor
according to claim 1 or 2.wherein said amorphous alloy
has a thickness of.bétween lo0 and SOOO-Ahgstroms.

25 | ' |

4. - A thin film, field effect transistor
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clains 1 to 3 wherein said drain region has a
and 20, 000 strons. 5 5. Athin film
d effett 4ransisst ér accordi ng to® y one of clai-ns | to 4 wherein said

sour'’ce region has a thickness of between 500 and 20, 000.Angstrons. 10
6~ A thin fial@ortiieldtef et dnieand Siarings doruh By witerayh aeidf cl ai g/ 1

to 5 wherein said gate insulator is a netal oxide. 7. Athin film field
effect transi grainlregiaecbad ry tiddmesmabibetweers 300 @l wherei n sai d
- source region is nade of a netal. 8. Athin film field effect transistor

“according to 20y 000 Anfgstixraomes 1 to 7 wherein said 20 drain region is

made of .a netal .

9. Athin film field effect transistor according to any

one of clainms 1 to 6 or claim8 wherein said source region is nmade of a

sen conduct or

25 al l oy.-

10. Athinfilm: field effect transistor

accordin§ to any on®-of & éﬁhﬁl file 7 Theld aﬁﬂ’ﬁeﬁt transistor

1o

15

20

25

according to

any one of claims 1 to 4 wherein said

source region has a thickness of -between 500 and

20,000 Angstroms.

6. A

according to

thin film, field effect transistor

any one of claims 1 to 5 wherein said

gate insulator is a metal oxide.

7. A

according to

thin film, field effect transistor

any one of claims 1 to 6 wherein said'

source region is made of a metal.

8. A
acCérding to

drain region

9. A

according to

‘'wherein said

alloy.

thin film, field effect transistor
any one of claims 1 to 7 wherein said

is made of a metal.

thin film, field effect tramsistor
any one of claims 1 to 6 or claim 8

source region is made of a semiconductor

-



wherein said drain region is made of a semiconductor al. hin /7N
film field effect transistor according to any one oa ﬂnm | ﬂH! -I‘ \
wherein said gate el ectrqde is nade O;%iﬁnEtal- 10 . * C .M I*N

film field efféct transistor accordi o any one of clainms I to 10
wherein said gate electrod i s made of a sem conductor alloy. 13. A thin
filmfield effect td&hsi & i Elghe i@y afdeqly GRSt %ims 2 to 12
wherein said anorphqus a

| 1oy is SiaF i.n.a is between 80 and 98, Db
© is between 1 afFcPFh 'qu>é":é(2'ﬂﬁﬁel ai?tgfc ?‘{ﬁ?ﬁst%altorﬁrg c\%—'&er_]‘brﬂ : ago

.14, Athin film. field eff {, | St . ' t | ai '
 planar NOS- | | KEPESRRY SAND ARAE e A d B G SITRLAaRe Y [o hed

on said substrg&gb first band of insulator material is fornmed on said

anmor phous al l oy Tayér; a second band of 25 i nsul ator material is forned
on said agorphous alloy layer and i's spaced-fromsaid first band of
I nsul at or material; said source region is formed over said first band

with at |east a portign in GG ! D SiRi1d ddQed ns Sfidk drain region
- is formed over said second band with at |east a portion in contact with
gai d all oy ‘according to any one of claims 1 to 10 wherein said

gate electrode is made of a metal.

10 12. A thin f£ilm, field effect transistor
according to-?ny'one of claims 1 to 10 wherein said

gate electrod@ is made of a'semiconductor-ailoy.

13. A..'__t_hin £ilm, -field effect ‘transistor
.15 according to ?ny one of claims 2 ﬁo 12.wherein said
aﬁorphous él%@y is SijFpH, wherein a is between 80
and 98, b is-%etweep 1 and 10 and ¢ is between 1
and 10 is atd%ic peréent,'
20 14. A %@in £ilm, field effect transistor
5 according to'élaim 1, having a planar MOS-like construction
wherien-said'amorphous-alloy layer is formed on said |
substrate; a first band of insulator material is.formed
qn,séid amorpﬁbus-alloy layer; é_second band of
25 .inSulator matéfial is formed on said amorphous alloy

layer and is spaced from said first band of insulator



| a ' u fron1safd source region; said gate insulator is
d EEB“T lm“m region, said ain region and-in contact with said
| cbet

ween Ssai*d source regi and sai d drai.n region; said gate

rode is formed in contact with at |east a portion 10 of said gate

i(Asul at or ; aniafeP3adl,V8hilB0 LREl IrboiRhTid Biia JRAS IS APULI AN ORJ he
m.fireld effe

| ayers. 15. Athin fi Ct “transistor according to any one o

claims 1 to 183A8ViRehdatd1eaBlkUaabolt idh mnawwga% e G rdaaldypns

st acked upon one another. 16.  Athin film field effect transistor

according to ma¥eeeesa&dch§b&5-kebQthi@awb&mea Hrer ¥ dddcha
construction. 1/7. Athin film field effect transistor according to any one

of clains 1 tbaffl Wethgatcfeasted portion dn ehtiacat evith siid alloy
18 Athin film field effect transistor according to any one.of clainms 1
to 26 bebng ddppert addoksasphasd Suwiom satid sburce regick safd lgatdilm
field effect transistor according to any one of clains 1 to 16 being
deposited on anpulpter $sbformed oyer Aatdi rsourice regdian effaddt dnaitsi st or
region and in contact with said alloy layer between
said source region and said drain region; said gate
electrode is formed in contact with at least a portion
16 of said gate insulator; and a passivating layer is

formed over at least a portion of the layers.

15. A thin £film, field effect transistor
according to any one of claims 1 to 14 having a
15 plurality of planar-Mos—like constructions stacked

upon one another.

16. A thin film, field effect transistor
according-t6 any one of claims 1 to 13 having a

20 V=-MOS~-like construction.

17. A thin £film, field effect transistor
according to any one of claims 1 to 16 being deposited

on a metal substrate. "



10 _ according to claim17 further conprising a thin |nsulat|n
mat eri al between said transistor and said netal substJMl ‘!Immﬂ
thermal path between said transistor and said netal I

very smal | di stance so that said netap@ubstrate can 15 = function as an
efffect} ve heat sink for dissipating heat fromsaid thin film field effect
tranststor. 21. A tBén fA mphin Qidmf (fdetld efifecdt dransd@ttimg to any one
of clainms 1 to 20 having a | eakage 20 . current below 10-11 anperes. 22. A

thin film fieRgcorfidng teansiysese afceldiims tlo tnyhGokeisly depositied o 22

having a cut- off frequency above 10MHz.. 23. Athin film field effect
transi stor acc®Pdn§t 5aﬁ%h§ﬁ§a6ﬁoclalns lto 22 having a DC saturation
current of approxinate " anperes 5 24. Athin film field

effect transistor according to any one of .clainms 1 to 20 having a | eakage

current below 10-11 eres tur tlon rrent above 10-6 anperes,
and an upper cut off req@eﬁéangg éé? b AnanSistiot, field .

ef f ect trans'sggcor %%Qdk% a%% %%% %e QQfﬂéﬂfnielfé)belng(éePOSJLed

-~

* on a polymer substrate.

20. A thin £film, field effect transistor
10 according to claim 17 further comprising a thin layer
of insulating material between said transistor and
said metal substrate so that thé thermal path between
said transistor and said metal substrate is only a very
small distance so that.éaid metal substrate can
15  function as an effective heat sink for dissipating heat

from said thin film, field effect transistor.

21. A thin £ilm, field effect transistor
according to any one of claims 1 to 20 having a leakage

20 current below 101l amperes.

22, A thin £ilm, field effect transistor
according to any one of claims 1 to 22 hav1ng a cut- -

off frequency above 10MHzZ . -

.\



15 26. Athin film field effect
/ tfangi\st or ymgﬁﬂmﬂ B;ﬂ I m25 being nade by gl ow di scharge techni que.
28 WA/t hi n ct transi-s ( 20 - according to clai-m1, wherein
sahdAdrain region |ayer is fornmed on | east a portlon of sai d substrate;
sald sour ce .r egi on, sald amyrph allo er and said I n
region formng a d| 3’3’1‘% ?%eg}{]‘g e@édfeec t%l ng di spogg

subst anti al

gat el oot r odk %F d@é{""' i "05‘11 ?%m %W?%ﬁ%fi&%é@étzﬁtfil i ng
h
;8? er;ﬁP; ?%P UCtkggﬁ}Q¥§§%$i rans Imﬁgggkng to %ﬁgéﬁg 7 mhereln

sai d transi

stor includes two adj acent surfaces that forma V-type

structure. 29. Athin film field effect transistor 10 substantially as
heri enbefgore descri gd p%h:l{jﬁ{ S eNEe £ Lo B b Bfadt | thsdhigd $eoi N Figures 1
and 2, 3 and 4, 5 and 6, and 8, or 9 of the accconpanying draw ngs. The

text of the SpRGdrdald b hasy kard s nsiueedl bvo PhOtieeenNg g t he

applicants

original typescript. It may contain a few anmendnents which are

difficult to neatkage Hiﬁ:ﬁntglts@oﬁyws]ehaﬁpmmmlm sdeseavtendnent s
may be inspected on the pren1s%§ of the Patent O fice.

1o

15

20

25

current above 10  ° amperes, and an upper cut off

frequency above 10OMHz.

25. A thin film, field effect transistor
according to any one of claims 1 to 24 made with

vapor deposition technique.

26. A thin film,-field effect transistor
according to claim 25 being made by glow discharge

technique.

'27. A thin film, field effect transistor
according to claim 1, wherein said drain region layer
is formed on at least a portion of said substrate;
said source region, said amorphous semiconductdf al;oy
layer and said drain regiqn forming a diagonal. surface;
and said gate insulator béing disposed substantially

pararkﬁ to said diagonal surface and separating said

»

e
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gate electrode ffom said amorphous semiconductor alloy
layer for dbntroiling the current conduction through

said current conduction channel.

5 28. A-thin~film, field effect transistor according
to claim 27, wherein said transistor ihcludes:two

adjacent surfacés that form a V-type structure.

29. A thin film, field effect transistor
10 substantially as herienbefore described with reference
to and as illustrated in Figures 1 and 2, 3 and 4,
5 and 6, 7 and 8, or 9 of the acccompanying drawings.
' The text of the specification has bewn Teproduced by photocopying the spplicants original

" typeseript. It may contain a few smendments which ave difficult to read.  The oxiginal
typescript containing these anendments may.-be inspected on the premises of the Patent Office _
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